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Abstrat. We disuss design onsiderations and the realization of a magneti double-well potential on an
atom hip using urrent-arrying wires. Stability requirements for the trapping potential lead to a typial
size of order mirons for suh a devie. We also present experiments using the devie to manipulate old,
trapped atoms.
PACS. 39.20.+q Atom interferometry tehniques  03.75.Lm Tunneling, Josephson eet, Bose-Einstein
ondensates in periodi potentials, solitons, vorties and topologial exitations
1 Introdution
Progress in the fabriation and use of atom hips has been
rapid in the past few years [1℄. Two notable reent results
onern the oherent manipulation of atomi ensembles
on the hip: Ref. [2℄ reported the oherent superposition
of dierent internal degrees of freedom while in [3,4℄ a o-
herent beam splitter and interferometer using Bragg sat-
tering was reported. In the same vein, the observation of
a oherent ensemble in a hip-based double-well potential
also represents a signiant milestone. The dynamis of
a Bose-Einstein ondensate in a double-well potential has
attrated an enormous amount of theoretial attention [5℄,
in part beause one an thus realize the analog of a Joseph-
son juntion. Indeed, oherent osillations of atoms in a
laser indued double-well potential have reently been ob-
served [6℄. In addition, the observation of an osillation
in a double-well amounts to the realization of a oherent
beam splitter whih promises to be enormously useful in
future atom interferometers based on atom hips [710℄.
In this paper, we disuss progress towards the realiza-
tion of oherent osillations on an atom hip. We begin
with some theoretial onsiderations onerning atoms in
double-well potentials and show that a onguration with
two elongated Bose-Einstein ondensates that are oupled
along their entire length allows one to ahieve a variety of
osillation regimes. Then, we will disuss design onsider-
ations whih take into aount stability requirements for
the trapping potentials in the transverse diretion. Flu-
tuations in the external magneti elds impose a typial
size less than or on the order of mirons on the double-
well. Atom hips implemented with urrent-arrying wires
are well suited to elongated geometry and the miron
size sale. After these general onsiderations, we disuss a
partiular realization of a magneti double-well potential
whih has been onstruted in our laboratory. Our devie
has muh in ommon with the proposal of Ref. [8℄, but we
believe it represents an improvement over the rst pro-
posal in that it is quite robust against tehnial noise in
the various urrents. We will also show some initial obser-
vations with the devie using trapped
87
Rb atoms.
2 Dynamis of two elongated Bose-Einstein
ondensates oupled by tunneling
The dynamis of a Bose-Einstein ondensate in a double-
well potential has been widely disussed in the litera-
ture [5℄. In this setion, we will review some of the basi
results and apply them to the ase of two elongated on-
densates oupled by tunneling along their entire length
L.
We assume the trapping potential an be written as
the sum of a weakly onning longitudinal potential Vl(z)
and a two dimensional (2D) double-well in the transverse
diretion Vr(r). We haraterize the two transverse po-
tential wells by the harmoni osillator frequeny at their
enters, ω0. We also assume that the longitudinal motion
of the atoms is deoupled from the transverse motion, so
that we may restrit ourselves to a 2D problem. As dis-
ussed in [11℄, this assumption is not always valid, but it
gives a useful insight into the relevant parameters of the
problem and how they aet the design of the experiment.
Considering the motion of a single atom, the lowest
two energy states of the 2D potential Vr are symmetri
and antisymmetri states, |φs〉 and |φa〉. The energy split-
ting ~ δ between them is related to the tunneling matrix
element between the states desribing a partile in the
right and left wells, |φr〉 and |φl〉. When inluding atom-
atom interations, we assume that the longitudinal linear
density n1 is low enough to satisfy n1 a ≪ 1 where a is
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the s-wave sattering length. In this ase, the interation
energy is small ompared to the harateristi energy ~ω0
of the transverse motion, and in a mean eld approxima-
tion the eigenstates of the Gross-Pitaevskii equation are
idential to the single partile eigenstates. The tunneling
rate δ is unhanged in this approximation. If in addition,
δ ≪ ω0, the two mode approximation in whih one on-
siders only the states |φs〉 and |φa〉 (or |φl〉 and |φr〉) is
valid.
We now dene two harateristi energies EJ and EC .
The Josephson energy EJ = N ~ δ/2 haraterizes the
strength of the tunneling between the wells. The harg-
ing energy EC = 4 ~ω0 a/L is analogous to the harg-
ing energy in a superonduting Josephson juntion and
haraterizes the strength of the inter atomi interation
in eah well. The properties of the system depend drasti-
ally on the ratio EC/EJ [5℄. For the onsidered elongated
geometry, this ratio is equal to (4n1 a)×(ω0/δ)×1/N2. A
ratio ω0/δ of 10 is enough to insure the validity of the two
mode approximation. We have also assumed n1 a≪ 1 and
sine N ≫ 1 we indeed obtain EC/EJ ≪ 1. This means
that the phase dierene between the two wells is well de-
ned and that a mean eld desription of the system is
valid.
In the mean eld approximation, the transverse part
of the atomi wavefuntion an be written |φ〉 = cl |φl〉+
cr |φr〉 where cl and cr are omplex numbers. The atom
number dierene∆N = (|cl|2−|cr|2)/2 and the phase dif-
ferene ∆θ = arg(cl/cr) evolve as the lassially onjugate
variables of a non rigid pendulum Hamiltonian [13℄. The
solutions of the motion for ∆N and ∆θ have been analyt-
ially solved [13,14℄. Depending on the ratio EJ/(N
2EC),
we distinguish two regimes: the Rabi regime (EJ ≫ N2EC)
and the Josephson regime (EJ ≪ N2EC). For a xed ge-
ometry (L, δ and ω0 xed), the Rabi regime is delimited
by N ≪ NC whereNC = δ L/(4ω0 a) while the Josephson
regime orresponds to N ≫ NC . For a box like potential
of length L = 1 mm and a ratio ω0/δ = 10, this number
orresponds to NC = 5000 for
87
Rb atoms.
In the Rabi regime, an initial phase dierene of pi/2
leads to the maximal relative atom number dierene∆N/N =
1/2. In the Josephson regime, the signal ∆N/N is limited
to
√
NC/N . One motivation to attain the Rabi regime is
to maximize the relative population dierene. If tunnel-
ing is to be used as a beam splitting devie in an atom
interferometer, the Rabi regime is learly favorable as it
maximizes the measured signal. It is also important to
note that the neglet of any longitudinal variations in the
atom number dierene or the relative phase is only valid
deep in the Rabi regime [11℄.
The spei geometry of two elongated Bose-Einstein
ondensates oupled by tunneling is of speial interest
sine it allows one to tune the strength of the intera-
tion ompared to the tunneling energy by adjusting the
longitudinal atomi density. This allows realization of ex-
periments in both the Rabi regime and the Josephson
regime. On the other hand a ompliation of the elon-
gated geometry is the oupling between the transverse
and longitudinal motions introdued by interations be-
tween atoms. This oupling is responsible for dynamial
longitudinal instabilities in presene of uniform Joseph-
son osillations [11℄. However, Ref. [11℄ predits that a
few Josephson osillations periods should be visible before
instabilities beome too strong. Furthermore, the study
of these instabilities may prove quite interesting in their
own right. Other manifestations of the oupling between
the transverse and the longitudinal motion may be ob-
served. In partiular, Josephson vorties are expeted for
large linear density [12℄. These nonlinear phenomena are
analogous to observations on long Josephson juntions in
superondutors [15℄.
3 Realization of a magneti double-well
potential
We now turn to some pratial onsideration onern-
ing the realization of the transverse double-well potential
Vr(x, y) using a magneti eld. As rst pointed out in [8℄,
a hexapolar magneti eld is a good starting point to pro-
due suh a potential. The hexapolar eld an be written{
Bx = A (y
2 − x2) = −Ar2 cos 2θ
By = 2Axy = Ar
2 sin 2θ .
(1)
where A is a onstant haraterizing the strength of the
hexapole. In the following, we write this onstant A =
αµ0 I/(4 pi d
3) where I is the urrent used to reate the
hexapole, d is the typial size of the urrent distribution
reating the magneti eld (see Fig. 4) and α is a geometri-
al fator lose to unity. Adding a uniform transverse mag-
neti eld b = b(cos θb x+ sin θb y) will split the hexapole
into two quadrupoles, thus realizing a double-well poten-
tial. The two minima are separated by a distane 2X0
where X0 =
√
b/A and are loated on a line making an
angle θb/2 with the x-axis (see Fig. 1). Tilting the axis of
the double-well allows one to null the gravitational energy
shift whih arises between the two wells if they are not at
the same height. This shift has to be preisely anelled
to allow the observation of unperturbed phase osillations
in the double-well. For example, if the two wells are sep-
arated by a vertial distane of 1 µm the gravitational
energy shift between the two wells leads to a phase dier-
ene of 13 rad.ms
−1
for
87
Rb.
In the rotated basis (O,X, Y ) (see Fig. 1), the modulus
of the total magneti eld is
B2 = 2AbY 2 + 2AX2 Y 2 +A2(X2 −X20 )2 . (2)
To prevent Majorana losses around eah minimum, a uni-
form longitudinal magneti eld Bz is added. Under the
assumption Bz ≫ b, the potential seen by an atom with
a magneti moment µ and a mass m is
V (X,Y ) ≃ mω
2
0
4
Y 2+
mω20
4X2
0
X2 Y 2+
mω20
8X2
0
(X2−X20 )2 (3)
with ω0 =
√
4µAb/(mBz).
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Fig. 1. Adding a small magneti eld b to the magneti
hexapole desribed in Eq. 1 will split the hexapole into two
quadrupoles. The distane between the two minima inreases
with b and the diretion along whih the minima are split de-
pends on the orientation of b as shown in the gure. We also
have plotted lines of onstant modulus of the total magneti
eld (equipotential lines for the atoms).
Fig. 2. Bohr frequeny between the ground state and the
rst two exited states of the double-well potential versus the
spaing between the wells. The dashed line orresponds to
X0 = 2.65 a0 for whih the Bohr frequeny ω2,0 is ten times
bigger than the tunneling rate δ = ω1,0.
Around eah minimum (X = ±X0, Y = 0), the po-
tential is loally harmoni with a frequeny ω0 and we
denote a0 =
√
~/(mω0) the size of the ground state of
this harmoni osillator. On the X-axis, we reover the
1D double-well potential usually assumed in the litera-
ture. As seen in equation (3), the potential is entirely de-
termined by the values of ω0 and X0. We have omputed
the energy dierenes between the ground state and the
two rst exited states for a single atom as a funtion of
these two parameters (see Fig. 2). The Bohr frequeny
ω1,0 is equal to the tunneling rate δ. We alulate that a
ratio X0/a0 = 2.65 ensures that ω2,0 = 10 δ, so that the
two mode approximation is valid. Further alulations are
made for a double-well potential fullling the ondition
X0/a0 = 2.65.
3.1 Stability of the double-well
We now turn to the analysis of the stability of the system
with respet to utuations of magneti eld. We will im-
pose two physial onstraints: rst we require a stability of
10% on the tunneling rate δ and seond we impose a grav-
itational energy shift between the two wells of less than
10% of the tunneling energy. Assuming a perfetly stable
hexapole and that utuations in the external elds an
be kept below 1 mG, we will obtain onstraints on the pos-
sible size of the urrent distribution d and on the spaing
between the two wells X0.
The geometry of the magneti double-well is deter-
mined by four experimental parameters: I the urrent re-
ating the hexapole, d the size of the urrent distribution,
Bz the longitudinal magneti eld and b the transverse
eld. To minimize the sensitivity of the system to mag-
neti eld utuations, the urrent I reating the hexapole
should be maximized. If we suppose the wires that re-
ate the hexapole are part of an atom hip, the maxi-
mal urrent allowed in suh wires before damage sales
as I = I0(d/d0)
3/2
[16℄. Heneforth we suppose that the
urrent I follows this saling law and is not a free pa-
rameter anymore. Furthermore, the ondition of the last
setion X0/a0 = 2.65 relates b and Bz . Thus we are left
with only two free parameters whih may be hosen as the
size of the soure d and the distane between the wells X0.
The experimental parameters b and Bz an be dedued af-
terwards.
We rst alulate the variation ∆δ of the tunneling
rate due to longitudinal and transverse magneti eld u-
tuations (respetively noted ∆Bz and ∆b). From the nu-
merial alulation of the tunneling rate shown in gure 2
we obtain
∆δ
δ
= −2.40 ∆X0
X0
− 2.18 ∆ω0
ω0
(4)
= −4.27 ∆b
b
+ 1.09
∆Bz
Bz
. (5)
If we require a relative stability of 10% on the tunnel-
ing rate, the required relative stability for the magneti
elds b and Bz is approximately the same and is easily
ahievable with a standard experimental setup. However
utuations due to the eletromagneti environment may
be problemati. Within the assumption Bz ≫ b, only the
rst term in equation (5) ontributes. Thus we have
∆δ
δ
≃ −4.27 4 pid
3
αµ0 I X20
∆b . (6)
Using the saling law stated above for the urrent reating
the hexapole, we nally obtain the following expression
for the tunneling rate utuations due to variations of the
transverse magneti eld
∆δ
δ
≃ −4.27
(
4 pi d
3/2
0
αµ0 I0
)
d3/2
X2
0
∆b . (7)
We require a relative stability of 10% for the tunneling
rate given an amplitude ∆b = 1 mG for the magneti eld
utuations. This limits the possible values forX0 and d to
the domain above the ontinuous line plotted in gure 3.
For the numerial alulation, we have used a geometrial
fator α = 4/
√
3 (see Set. 4) and the following values for
I0 and d0. A maximal urrent of I0 = 20 mA is reasonable
for gold wires having a square setion of 500 nm× 500 nm
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whih are deposited on an oxidized silion wafer [16℄. Suh
wires an be used in a onguration where the typial
distane between wires is d0 = 5 µm.
We now turn to the alulation of the utuations
of the gravitational energy shift between the two wells.
Transverse magneti eld utuations lead to utuations
∆h = ∆b/(AX0) of the height dierene between the two
wells. The assoiated utuations of the gravitational en-
ergy dierene have to be small ompared to the tunnel-
ing energy so that the phase dierene between the wells
is not signiantly modied during one osillation in the
double-well. The ratio between these two energies is
mg∆h
~ δ
≃ 2.37
(
4 pim2 g d
3/2
0
αµ0 I0 ~2
)
X0 d
3/2∆b . (8)
We have used the same saling law as before for the ur-
rent in the hexapole. The possible values forX0 and d that
insure this ratio being smaller than 10% are loated be-
low the dashed line in gure 3. We have assumed the same
numerial parameters as for the rst ondition. The inter-
setion of the two possible domains we have alulated for
X0 and d orresponds to the gray area in gure 3. The
main result is that the harateristi size of the soure d
has to be smaller than 7.5 µm in order to ahieve a rea-
sonable stability of the double-well. This motivates the
use of atom hips to reate a magneti double-well where
external magneti utuations of 1 mG still allows the pos-
sibility of oherently splitting a Bose-Einstein ondensate
using a magneti double-well potential.
We have also plotted in gure 3 the limit (dotted line)
above whih the ondition µBz > 10 ~ω0 is fullled. This
insures the Majorana loss to be negligible in the double-
well. Furthermore, above this line the ondition Bz ≫ b
whih is assumed in all our alulation is also fullled. We
see this ondition is not very restritive and does not sig-
niantly redue the domain of possible parameters. How-
ever we note that this ondition beomes the limiting fa-
tor as one dereases the size d of the urrent distribution.
The last plotted dash-dotted line delimits the more pra-
tial usable parameters. Above this line the longitudinal
eld Bz is greater than 100 G. Suh high values of the
longitudinal eld should be avoided sine the longitudinal
eld may have a small transverse omponent that would
disturb the double-well.
4 Experimental realization of a magneti
double-well on an atom hip
As rst proposed in [8℄, the simplest sheme to obtain a
hexapolar magneti eld on an atom hip uses two wires
and an external uniform eld (see Fig. 4.a). Denoting 2 d
the distane between the two wires, the value of the ex-
ternal eld has to be B0 = µ0 I/(2 pi d). One then obtains
a hexapole loated at a distane d from the surfae of
the hip. This onguration leads to a geometrial fator
α = 1. In order to safely lie in the stability domain in
gure 3, one an hoose d = 5 µm. This leads to a urrent
Fig. 3. Stability diagram for the size d, and the well separa-
tion X0. The gray area represents pairs of d and X0 for whih
a 1 mG utuation of an external magneti eld does not sig-
niantly disturb the double-well. The solid line delimits the
zone where the tunneling rate utuates less than 10%, while
the dashed line shows the area below whih the utuations
of the gravitational energy are less than 10% of the tunneling
rate. In addition we show two additional onstraints beause
of Bz : the area above the dotted line assures a Bz large enough
to avoid Majorana losses and the dash-dotted line orresponds
to Bz < 100 G. The devie we desribe in Se. 4 operates at
d = 5 µm and X0 = 0.5 µm.
I = 20 mA and to a uniform magneti eld B0 = 8 G. The
required relative stability ∆B0/B0 for this eld is about
10−4 sine utuations of only 1 mG are tolerable 1. Rela-
tive temporal stability of this magnitude an be ahieved
with the appropriate experimental preaution, but it is
quite diult to produe a spatially homogeneous eld
on the overall length of the ondensate (1 mm) with suh
auray.
To irumvent this diulty we propose to realize the
hexapolar eld using only wires on the hip. Assuming
all the wires are fabriated on the same layer, at least
ve wires must be used to reate a hexapole. As seen in
gure 4, the distane between the wires an be hosen so
that a hexapole is obtained with the same urrent running
in all the wires. This allows rejetion of the noise from the
power supply delivering the urrent I. For this geometry,
we alulate α = 4/
√
3 whih is the value we used to plot
the urves in gure 3.
We have implemented this ve wire sheme on an atom
hip. The wires are patterned using eletron beam lithog-
raphy on an oxidized silion wafer overed with a 700 nm
thik evaporated gold layer. Eah wire has a 700 nm× 700 nm
ross-setion and is 2 mm long. Figure 5 shows the shemati
diagram of the hip and a SEM image of the wire ends.
This design allows us to send the same urrent in the ve
wires using a single power supply. The extra onnetions
are used to add a urrent in the entral wire in order to
split the hexapole into two quadrupoles without any ex-
ternal magneti eld. We an also hange the urrent in
the left (right) pair of wires in order to release the atoms
from the left (right) trap when the separation between the
wells is large enough. The transverse wires onneting the
1
More preisely the ratio I/B0 has to be kept onstant with
suh auray. Here we assume that the urrent I in the wires
does not utuate.
J. Estève et al.: Realizing a stable magneti double-well potential on an atom hip 5
Fig. 4. Two ongurations that produe a hexapolar mag-
neti eld. Eah wire arries the same urrent I . In (a) the
hexapole is obtained with two wires and a uniform magneti
eld B0 = µ0 I/(2pi d). In (b) it is produed by 5 wires and
no external eld. In the rst onguration the stability of B0
relative to I is ritial. The seond onguration avoids this
diulty provided that the wires are onneted in series.
Fig. 5. Shemati and SEM piture of our ve wire devie.
The design allows one to send the same urrent with a single
power supply in all the wires to reate a magneti hexapole.
The onnetions on the entral wires allow us to imbalane the
urrents between the entral wire, the two left wires and the
two right wires.
ve wires at their ends insure the longitudinal onnement
of the atoms in a box like potential.
The distane d haraterizing the wire spaing is 5 µm.
Using the exat expression of the magneti eld reated by
the ve wires, we have arried out numerial alulation of
the spetrum of the double-well. Using a transverse eld
b = 60 mG and a longitudinal eld Bz = 550 mG, we
obtain a spaing between the wells of 2X0 = 1.0 µm and
a tunneling rate of δ = 2pi× 290 Hz. The parameters have
been hosen to fulll the ondition ω0,2 = 10 δ and to lie
in the enter of the stability domain. We have heked
numerially that the two onditions on the stability of the
tunneling rate and of the gravitational energy shift are
indeed fullled.
4.1 Splitting of a thermal loud
In order to load the double-well with a sample of old
87
Rb atoms, the ve wire hip is glued onto an atom hip
like that used in a previous experiment to produe a Bose-
Einstein ondensate [17℄. The ve wire hip surfae is lo-
ated approximately 150 µm above the surfae of the other
hip. This two-hip design allows one to ombine wires
having very dierent sizes (typially 50 µm × 10 µm for
the rst hip and 700 nm × 700 nm for the ve wire hip)
and therefore dierent urrent-arrying apaities in a sin-
gle devie. Large urrents are needed to eiently apture
the atoms from a MOT in the magneti trap.
Using evaporative ooling, we prepare a sample of old
atoms in a Ioe trap reated by a Z-shaped wire on the
rst hip and a onstant external eld. Transfer of the
atoms to the double-well potential is ahieved by ramping
down the urrent in the Z-shaped wire and the external
eld while we ramp up the urrents in the ve wires. The
nal value of the urrent in the entral wire is smaller
(10.4 mA) than for the one in the other wires (17.5 mA).
We use the fat that an imbalaned urrent in the en-
tral wire is qualitatively equivalent to adding an external
transverse eld to the hexapole. Ignoring the eld due to
the lower hip, these urrent values lead to two trapping
minima loated on the y-axis. The position of the upper
minimum is superimposed on the position of the Ioe trap
due to the lower hip. We typially transfer of order 104
atoms having a temperature below 1 µK.
To realize a splitting experiment, we then inrease the
urrent in the entral wire to 17.5 mA and derease the
urrent in the other wires to 15 mA. The duration of the
ramp is 20 ms. If the external transverse eld is zero, the
two traps loated on the y-axis oalese when all the ur-
rents are equal and then split along the x-axis when the
urrent in the entral wire is above the one in the other
wires. Then, by lowering the urrent in the left (right)
wires to zero, we eliminate the atoms in the left (right)
trap and measure the number of atoms remaining in the
other trap using absorption imaging. If the external mag-
neti eld has a small omponent along the y-axis, the
oalesene point is avoided and the atoms initially in
the upper trap preferentially go in the right (left) trap
if by is positive (negative). The number of atoms in the
left or in the right well as a funtion of by is plotted in
gure 6. As expeted, we observe a 50% split between
the two wells if the two traps oalese using by = 0. For
an amplitude of the magneti eld by larger than 0.6 G,
the transferred fration of atoms is almost zero. For this
spei value of the transverse magneti eld, the atomi
temperature at losest approah between the wells is es-
timated to be 420 nK. On the other hand, for this trans-
verse eld and for the longitudinal eld Bz = 1 G used in
the experiment, the barrier height between wells at losest
approah is 12 µK. Thus, the value of the atomi temper-
ature seems too small to explain our observations. The
estimated atomi temperature is alulated knowing the
initial temperature (220 nK) and assuming adiabati om-
pression. We have reason to be ondent in the adiabati-
ity beause the temperature is observed to be onstant
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Fig. 6. Final number of atoms in the right well () and in the
left well (◦) after a splitting experiment. The shematis depit
the trajetories of the two traps during the sequene. Initially
all the atoms are in the upper trap, depending on the sign of
the y omponent of b, the atoms preferentially end in the left
or in the right well. The minimal distane between the traps
depends on the modulus of by. This distane is zero if by = 0,
leading to a splitting with half of the atoms in eah well.
when the splitting ramp is run bakward and forward at
by = 0.6 G. More preisely, numerial alulations of the
lassial trajetories during the splitting indiate that the
typial width of the urves shown on gure 6 is approxi-
mately three times too large. For the moment, we do not
have a satisfatory explanation for this broadening.
4.2 Longitudinal potential roughness
For our present setup, the atual longitudinal potential
diers from the ideal box-like potential beause of distor-
tions in the urrent distribution inside the wires [17, 18℄.
Preliminary measurements indiate a roughness with a
rms amplitude of a few mG and a orrelation length of
a few µm. The ondensate will thus be fragmented. Eah
fragment will be trapped in a potential with a typial lon-
gitudinal frequeny of about 400 Hz. Given the same num-
ber of atoms and the same total length for the whole on-
densate, the longitudinal density in eah fragment will be
approximately ten times higher than for the ideal box-like
potential. Thus the Rabi regime may be out of reah with
our present setup. More preise measurements of the exat
longitudinal potential shape are in progress to determine
the maximum ratio EJ/(N
2EC) we an atually ahieve.
Improved wire fabriation tehniques may allow us to ob-
tain a atter longitudinal potential and to inrease the
EJ/(N
2EC) ratio.
5 Conlusion
We have shown that atom hip based setups are well suited
to produe a stable magneti double-well potential. Our
main argument is that atom hips allow one to design
a urrent distribution having a harateristi size small
enough so that osillations of a ondensate between the
wells an be reproduible despite a noisy eletromagneti
eld environment.
We have fabriated a devie using ve wires spaed
by a distane of a few mirons. The preliminary data in
Fig. 6 show that we have good ontrol over our trans-
verse magneti potential, although we annot entirely val-
idate our design hoies before having observed oherent
osillations. To do this it remains to reproduibly plae a
ondensate in the trap so that the two mode desription
applies and an be tested.
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